Resistance to antibacterial medications among community-acquired pathogens is a growing public health threat. [1] [2] [3] [4] [5] Key drivers are the volume and type of antibacterials used in ambulatory settings. [6] [7] [8] Antibacterials are often prescribed for acute nonspecific respiratory infections (ARIs), which they are unlikely to benefit. 9, 10 Reducing such use can slow, or even reverse resistance rates. 
INTRODUCTION
provided limited information regarding trends in adult and child antibacterial and broad-spectrum antibacterial use for ARIs.
The objective of this study was to assess recent UK trends in overall and broad-spectrum antibacterial drug use for adult and child ARIs. It was hypothesised that overall use declined, that this decline varied by age, and, unlike recent US patterns, that there was no concomitant increase in broad-spectrum drug utilisation.
METHOD

Study design
This retrospective cohort study utilised de-identified data from a large UK primary care electronic medical record database, The Health Improvement Network (THIN). 29 Within the UK, approximately 98% of the population is registered with a GP who is responsible for almost the entirety of the patient's medical care. Data collection commenced in 1985 through the General Practice Research Database (GPRD), originally established by the EPIC Research Company for research purposes; THIN, introduced by EPIC in 2002, includes longitudinal data from many original GPRD practices and continues to enrol additional practices with ongoing data collection from general practices throughout the UK. 29, 30 THIN includes demographics, physician and nurse visits, diagnoses, and prescriptions. Prescriptions are generated by data entry, and GP practices are responsible for most prescribing, with virtually 100% capture of prescription data. Practitioners are trained in data entry, and their data quality is reviewed on an ongoing basis for quality and completeness. 29 Studies have confirmed good validity regarding documented diagnoses, 31, 32 prescriptions, 32 and specialists' information. 33 
Study population
The population of interest included permanently registered members of computerised THIN practices, utilising THIN data as of September 2007, describing 4.85 million patients from 326 practices, including >32 million person-years. The study used valid available data from 1 January 1990, or the date of practice computerisation if later, to 31 December 2004, or the latest date of data collection for that practice.
THIN records birth year for all patients and birth month for children <15 years of age. In this study, adults were defined as individuals ≥18 years of age on the day of the ARI visit and children as being <18 years of age, according to THIN recorded birth dates.
A cohort of ARI visits from 1 January 1990 to 31 December 2004 was selected using Read diagnostic codes for acute non-specific respiratory infections, chosen to represent conditions that are typically viral in origin and unlikely to respond to antibacterials (Appendix 1). Conditions for which some guidelines recommend antibacterials, such as otitis media and sinusitis, were excluded. Because data from multiple visits within the same ARI episode may be highly correlated, adjacent visits were grouped within a 2-week window for the primary analysis; sensitivity analysis explored the impact of considering adjacent visits independently. The study also explored the impact of not including the visits with bronchitis diagnoses. As results of these sensitivity analyses were identical to the primary analysis, only primary analysis results are presented.
Outcome classification
The outcome of interest was receiving any antibacterial medication prescription within 1 day of an ARI visit. Drugs of interest included oral antibacterials typically used for respiratory infections. Topical, vaginal, ophthalmologic, otic, and parenteral antibacterials were excluded, as well as those typically used for tuberculosis, fungal, and parasitic infections. Amoxicillin/clavulanate, azithromycin, clarithromycin, fosfomycin, secondand third-generation cephalosporins, and quinolones were classified as broad spectrum, and all others, including penicillin, ampicillin, amoxicillin, tetracycline, doxycycline, erythromycin, and trimethoprim/sulfamethoxazole, as narrow-spectrum medications.
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Exposure classification
The main exposure was visit year, considered individually for all analyses.
Covariates
For children, age was stratified as 0-<5 and ≥5 years of age. For adults, age was stratified as 18-<65 (younger age group) and ≥65 years (older age group). These age categories are clinically relevant (that is,
How this fits in
Previous studies using data from other developed countries have shown a recent decrease in unnecessary use of antibacterial drugs for acute non-specific respiratory infections (ARIs) in adults and children, but a concomitant large increase in broad-spectrum antibacterial use. While studies using UK data have shown decreased antibacterial use in general, the relationship between adult and child ARIs and antibacterial and broad-spectrum antibacterial drug use in the UK has not yet been described. This study suggests that overall antibacterial use for ARIs in the UK has recently decreased, with no concomitant increase in already quite low broad-spectrum antibacterial drug use. Understanding the reasons underlying this very different drug use pattern between the US and the UK could help the development of strategies to further improve antibacterial drug use in many countries that are currently implementing programmes to reduce unnecessary antibiotic use.
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pre-school versus school-aged children), are in line with those used by the US National Center for Health Statistics, 35 and can facilitate comparisons with US Medicare data for adults aged ≥65 years. Other covariates included sex, the number of comorbidities by the day of the ARI visit, the number of different classes of prescribed medications, and the number of visits within the year before the ARI visit. [36] [37] [38] As changes in drug use could vary by age; the study also tested for an interaction between year and age category.
Analysis
Trends in ARI visit rates and antimicrobial prescribing rates over the study period were described using Cuzick's non-parametric test for trend across ordered groups by individual visit year. Person time was calculated using each patient's THIN birth date, practice enrolment date, date of transfer out of practice, and/or date of death, and each practice's computerisation and/or last data-collection date, as appropriate.
Generalised linear models were used to model the probability of an antibacterial prescription, conditional on an ARI visit. To predict probabilities, a Poisson distribution and logarithm link function were used in the generalised linear models, with robust variance estimates. 39 Separate adult and pediatric models were adjusted for clustering by patient and practice using generalised estimating equations. 40, 41 The probability that an antibacterial was prescribed was modelled, first using models adjusted only for year. Probabilities of antibacterial use for each year are reported, as well as the trend across year investigated using Cuzick's test. The probability of antibacterial prescribing was modelled using fully adjusted models, with year as a linear term, including all covariates described above, to report the adjusted trend across year, described as an incidence rate ratio (IRR) for each successive year. The study also explored the age-year interaction using the fully adjusted model including the interaction between age category and categorical year, and tested whether interaction terms were significant, using the deviance difference test. 42 If interaction terms were statistically significant, IRRs are reported for each successive year stratified by age category.
A parallel set of analyses was performed for broadspectrum antibacterial drugs, including trends in prescribing rates and the probability of antibiotic prescriptions conditional on ARI visits. Analyses were performed using Stata (version 9, StataCorp LP).
RESULTS
ARI visit rate
A total of 1 342 365 ARI visits in 745 044 adults followed for 22 741 927 person-years and 1 117 596 ARI visits in 453 584 children followed for 5 831 438 person-years were identified. For adults, the ARI visit rate during 1990 was 74.5 visits per 1000 personyears and by 2004 it was 50.2 visits per 1000 personyears ( Figure 1 ). For children, the ARI visit rate during 1990 was 247.9 per 1000 person-years and by 2004 it was 154.5 per 1000 person-years ( Figure 1 ). Visit rates decreased over the study period for adults and children (P = 0.001). 
ARI antibacterial prescription rate
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Probability of antibacterial drug prescribing conditional on ARI visit
For adults, during 1990 71% of ARI visits were associated with an antibacterial prescription, and by 2004, 59% of visits were associated with antibacterials (P = 0.003) (Figure 3 ). Using the fully adjusted model for adults, adjusting for sex, age category, year, comorbidities, number of medications, and number of visits, there was a significant decrease in the probability of antibacterial prescribing for each successive year, with an IRR of 0.980 (95% confidence interval [CI] = 0.979 to 0.980,
P<0.001).
Using the fully adjusted model for adults, and including the year-age category interaction, older adults were initially less likely to receive antibacterials (P<0.001 comparing older and younger adults in every year), until 1998 when older and younger adults were equally likely to receive antibacterials (P = 0.930 older versus younger adults); after 1998, older adults were more likely to receive antibacterials (P<0.001 comparing older and younger adults in every year after 1998). Both age categories experienced significant declines in the probability of antibacterial prescribing over the study period; the IRR for year for ages 18-<65 years was 0.977 (95% CI = 0.977 to 0.978) and for ≥65 years was 0.988 (95% CI = 0.987 to 0.988). The age-year interaction was significant (P<0.001), indicating that, over time, antibacterial prescribing declined more steeply for younger than for older adults.
For children, during 1990, 46% of ARI visits were associated with antibacterial prescriptions, and by 2004, 31% of ARI visits were associated with antibacterials (P = 0.007) (Figure 3) .
Using the fully adjusted model for children, there was a significant decrease in the probability of antibacterial prescribing for each successive year, with an IRR of 0.960 (95% CI = 0.959 to 0.960,
Using the fully adjusted model for children, and including the year-age category interaction, older children were 30-40% more likely than younger children to receive antibacterial prescriptions in every study year (P<0.001 comparing older versus younger children in each study year). Both age categories experienced significant declines in antibacterial drug prescribing over the study period; the IRR for year for ages 0-<5 years was 0.959 (95% CI = 0.958 to 0.959) and for ≥5 years was 0.962 (95% CI = 0.961 to 0.963), indicating that the rate of decline was similar in both age groups. While the age-year interaction term was statistically significant, the effect of year, and thus its public health relevance, was essentially the same in both age groups.
ARI broad-spectrum antibacterial prescribing rate
For adults, the broad-spectrum antibacterial drug prescription rate during 1990 was 3.8 prescriptions per 1000 person-years, and by 2004 was 2.9 prescriptions per 1000 person-years (P = 0.005) (Figure 4 ). For children, the broad-spectrum antibacterial prescription rate during 1990 was 5.2 prescriptions per 1000 person-years, and by 2004 was 2.2 prescriptions per 1000 person-years (P = 0.003) (Figure 4 ).
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Original Papers adults children 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 adults children 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 public educational efforts regarding antibacterial use for young adults, influencing their own use and that of their children. The relative contributions of each of these or other factors to the study results are unknown. Despite decreasing antibacterial use for ARIs, a concomitant increase in broad-spectrum antibacterial prescribing was not observed. In fact, encouraging evidence was found for low and recently decreasing broad-spectrum antibacterial use for UK adults and children.
Strengths and limitations of the study
Strengths of this study relate to the use of THIN data. Advantages of THIN versus claims data are THIN's direct links to longitudinal clinical data and that THIN does not depend on billing or insurance status. Advantages of THIN versus survey data are that THIN is a 100% sample of practice patients and that the medical record itself is the data-collection form.
Potential limitations of this study include that some antibacterials may have been missed, for example, telephoned prescriptions without an associated ARI visit. Secondly, concomitant trends in diagnosis and antibiotic use were not measured for other infectious diagnoses. It is possible that there has been a diagnostic shift, and that caregivers are now diagnosing more infections for which antibiotics are indicated. However, other studies from the UK and the US have not found a concomitant increase in antibiotic prescribing for other infectious diagnoses, in fact, visits and antibiotic use for other infectious diagnoses have also decreased in the US and the UK. 22, 47, 48 Thirdly, visit grouping may have misclassified some unexposed visits as exposed and falsely inflated the antibacterial use estimates; however, the sensitivity analysis considering ungrouped visits showed similar results. Next, the observational study does not make it possible to address which policies or clinical trends caused the observed changes. Finally, the study did not address outcomes of antibacterial use and could not directly assess prescriptions' appropriateness.
Comparison with existing literature
The population rates of ARI visits observed in this study are similar to those previously reported for US adults and children. 20, 22, 49 The trends in overall antibacterial use observed are comparable to US trends. Using National Ambulatory Medical Care Survey (NAMCS) data, Roumie et al reported that antibacterial prescribing for adult ARIs declined from 60% in 1995-1997 to 43% in 1999-2000. 20 Steinman et al also used NAMCS data to report decreased antibacterial prescribing for adult ARIs from 56% in 1991 to 43% in 1999. 21 The decline in UK antibiotic prescribing for adult ARIs SB Meropol, Z Chen and JP Metlay adults children 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 
Probability of broad-spectrum antibacterial prescribing conditional on ARI visit
For adults, during 1990, 4.4% of ARI visits were associated with broad-spectrum antibacterials; this portion peaked at 7.8% by 1996 and then decreased to 5.6% by 2004 (P = 0.16 for linear trend over study period) ( Figure 5 ).
Using the fully adjusted model for adults, there was a small decline in the probability of broadspectrum antibacterial prescribing for each successive year, with an IRR of 0.960 (95% CI = 0.960 to 0.970, P<0.001).
For children, during 1990, 2.0% of visits were associated with broad-spectrum antibacterial prescriptions ( Figure 5 ); this percentage peaked at 2.8% in 1995 and then decreased to 1.4% by 2004 (P = 0.01).
Using the fully adjusted model for children, there was a small decline in the probability of broadspectrum antibacterial prescribing for each successive year, with an IRR of 0.950 (95% CI = 0.940 to 0.950, P<0.001).
DISCUSSION
Summary of main findings
This study demonstrated that antibacterial drug prescribing for ARIs decreased in the UK for adults and children from 1990 to 2004. The decline in antibacterial use was faster for both older and younger children than for adults, although use in younger adults declined faster than for older adults. Possible reasons for these differences include: the influence of the pneumococcal conjugate vaccine on the perceived risk of child bacterial illness [43] [44] [45] and on parents' health through herd effects; 45, 46 a potentially initially wider pool of unneeded antibacterial use in younger individuals; and a possible differential effect of demonstrated in this study, from 71% in 1990 to 59% in 2004, is similar to these US reports. Similarly, Steinman et al reported declining antibacterial use for child ARIs, from 41% in 1991 to 21% in 1999. 21 In the present study cohort, child antibiotic use for ARIs decreased from 46% in 1990 to 31% in 2004. Using updated NAMCS data, Grijalva et al recently reported continued decreasing overall antibacterial use and increasing broad spectrum antibacterial use for ARIs in US adults and children. 17 The study finding of low and recently decreasing use of broad-spectrum antibacterials for adults and children in the UK is quite different from US trends, evidence that recent UK campaigns to enhance judicious antibiotic use may be paying off.
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Implications for future research
Reasons for the large discrepancies in trends in broad-spectrum antibacterial use between the UK and US are unknown, but could relate, at least in part, to differences in healthcare delivery. US health care is managed by a mix of privately and publicly financed mechanisms, emphasising a competitive business model. Prescribing is influenced by separate formularies for each of thousands of individual health plans, and pharmaceutical industry promotion to physicians and the public. The US Centers for Disease Control and Prevention's (CDC's) 'Get Smart' campaign targeted parents with the message that using antibacterials for ARIs put their children at greater risk of a future resistant infection. UK health care is managed by a government-financed national system which sets explicit priorities to enhance public health through specific incentives. Medications are managed with national guidelines and with formularies and performance monitoring of antibiotic prescribing at the local level. The UK's campaign, 'Antibiotics: Don't Wear Me Out', targeted the general public with the message that controlling antibiotic resistance benefits everyone.
Successful strategies to further reduce antibiotic overuse are likely to have strong central leadership, with explicit priorities emphasising societal benefit, and to be supported by robust financial and regulatory incentives. Professional and public education, while necessary, are usually not sufficient to change behaviour; successful strategies for improving antibacterial use are usually multifaceted. More data are needed regarding outcomes of strategies to reduce antibacterial use and whether decreasing use may be affecting trends in antimicrobial resistance. 
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